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MWF NUCLEARCHEMISTRYMTA ACQUISITION SYSTEM

Gregg C. Giealer*
Los Alamo8 National Laboratory
Loa Alamos, New Mexico 87545

ABSTRACT

The 2AMPF Nuclear Chemiecry Data Acquisition System (DAS) ie designed to provide both
real-time central of data ●cquisition and facilities for deta proceaeing for a large
variety of uaera. It consists of ● PDP-11/44 connected to ● parallel WC branch
highway aa wall ●s co ● large numL>r of peripheral. The varioue types G? radiation
counters ●nd ●pectrometer~ ●nd their connections co the ●yatem will be Jwcribed.
Also diacuased will be the various methods of connection considered snd their
●dvantage ●nd disadvantage. The operation of the cyatem f:om the standpoint of
both hardware and coftware will be described aa well ● t plans for the future.

T.iE NUCLEARCHEMISTRYLABORATORY I
The Ios Alamoa Clinton P. Amderoon Meoon Phyoicc I
Facility (LAMF) is a medium-energy (800-fleV) pro- (

tOfl ~irlear 4CCeler8tOr.1 Nuclear chemi~r:y ●xperi- ~

manto may be conducted at 7AMPF using ●ither the I
direct proton baam or any of the oecondary beam. of I
suona, piona. or nautrona. In ●ctivation ●xpcri- 1
sents, the ta?getm irradiated in ●ny of theee beama ~
may be transported by vehicle or via ● pneumatic ~
transfer ●yatem to the Nuclear Chemistry Laboratory
(hJCL) whet; they are ●nalyzed. The NCL-cooaiata of
four chem!acry iaboratoriea, five counting rooms,
●nd office apace for staff ●nd visiting ocientiata
(see Fi@uro 1). The basement area may aiso be uced
for counting equipment.

COUNTING SYSTEMS

A large variety of radiation counting oyatems aro
●vailab).e in the counting roomo of the NCL. Theoe
syotema can be ●eparated into two typec, countero
●nd opectrometera. Count@rs ara ●ystems tnat pro-
duce onc or ● lew valueo a, the output from the
measurement on ● radioactive ●ample. One type of

ayot~m in this categorv includes propano-gaa-flow
B-p~rticla proportional countorc (Figure 2) ●nd
methane-gaa-flow a-particle proportional counters
(Fisure 3). A special case of the fl-partl:le I
proportional countarn 19 the iow background ;
countero shown in Figure 4. These unl:o are
mounted inside ● ❑uch th~cker than usual shield ●nd ~
hav~ ● 12.7 cm . 12.7 cm NaI(Tl) detector mounted ~
●bovt the propurtionsl count-r chamber operated !n I
●ntic~incidence mode to further reduce the coamic-
ray back-round. AL1 of thaao counting eyatems pro-

duce ● ●ingie valua ●a the output ●t tha ●nd of ●

counting ptriod.

Another mingle counting ayetem it a 7.6 cm M 7.6 cm
NaI(Tl) y-ray counter that !,e Stted to count only
pwimea corr~oponding to ● specific e[.~rty region

(Fisure 5). Theee k’esiona ■ay include only 511-keV
poeitron-ennihila~ion

from 14::~’ ‘r
the 1369-keV ●nd

2754-kmV y raya Thla counter 10 uoed
primarily for y-ray-emitting ●amplee that are tou

——

‘Thio work wae mupported by the U. S. Department
of Energy,
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Fi ure 2.
8

Propane-gae-flow B-proportional counterfi
●n ●ssociated ●lectronic.

Figur@ 3. Hathana-gao-flow a-proportional counters

●nd ●snociateri ●hctronlcc.

Another type of counting ●yotem 1s the colrrcideuce
Syotomo Theo@ Syotomo contmin two indspondant
countaro facing ●ach other ●nd are conntctad to a
coincidence module. Aa ● raoult, throo valuaa ● re
output ● t tho ●nd of uch counting period (two
●inglom plus tha coincidonc~ output), ‘do htv~ two
diffarant typ~s of coincidunco counting oycteas.
Ono ic a B-particl@-) -ray coincidence Oyotom !rhown

In figure 6. Thie i- uoad to datcrmino ●booluta

●ctivities of ●ampl~o. In particular, it hxo ●

7.6 CU H 7.6 cm Nal(Tl) dstactor g-tad on ttm

annihilation y ray ●nd ● photomultiplier coupl~d to
● plastic ●cintlllator to count @ particl*9. ‘rhim
1- used ●xc,lufiively for dotaminin~ th. ●bsoluta
disintasratlon rate of tho purs U++mitt.ar ilc, via

.—

Figure 4. Low background 0-proportional coJnting
●yttema.

Figure ;, NaX(Tl) y-:ay op-ctrometar lo:ated
incide epharical ehield. A Nal(Tl) well-typa y-ray
npectromotar 10 located in the ●quart ohi+ld,

fl+=~l
other
●nnlh
N*X(T
y ray
ccuniers,

..
● re ‘uoed “to datermine rtlative counting

rstes. By calibrMring theee with ●taodardu, one ia
●ble to convert relativa countinR rates to abnoIutc
decay ratem.

The other major clase of countina ●ymteme ie th~
apeclrornetar. Th*ec oyotemo produce ● spectrum uf
counts versus energy, no:~liy (,vor 1024 to 4096
:,hannele of a multichanrlal ●nalyear (WA), d9
output inetesd of one or ● faw n ,mbero. Si(Ll)
ourtece-barrier dgtactoro in vacuum chamb~ru arr
used for J-particle ●pectra ●nd ● re nhown in



Figurt 6. ~-particla~-ray coincidancs counter.

Figur@ 8. Camna-ray opgctromatry can ba parformed
with 9itter Nal(Tl) ●poctromotaro ur Ge(Li)
sptctromaterm (FigKra 9). Bccauoe of tho much
b~tcar resolution of tha Ga(Li) fipectromatmta, the
Nai,Tl)-bsaod oystama ● ro nortnally utad in the
gatad countor modo dcocrlb~d ●arlier.

The tpoctrometaro noraally haw G stmlf my-tom so
thst W4plos can ba placed at varioun fixad
dlatancaa for which tha ●fflciancy of tha datactor
woo calibrated. Howavar, tha asmplao hava to ba
chan~ad manually, ●s with the variouo countar
syatasa. Sinca tha camplao for tha y -ray
cpactroaataro hava gonarally boon numcroua and
contain rm.fioactiua ●pociao of madlum-to-ions haif-
lifa, chic chansing of ●ampl~a can bacoma vary
tadiouo. Tharafora, ua hava conotructad tha
sutomatic oamplo chant~r ●hewn in ~lgur~ 1(I for uoa
with ● Ca(Li) ●poctroaotar. It has ● 24-position

Figura 8. Solid-stste a-partiula spactromatara and
thair associstad ●lacttontca.

Fi8ura 7. Two 7.6 cm II 7.6 cm NaI(Tl) datactori
uaad in ruincidanca mods ● o ● pooitron annihilation
countur.

FiRura 9. Ga(Ll) ●pactromatar tymt~m with mcrcury-
fillad shiald.

All th~ca countlns cyatoma can ba operatad an
mtand+lona manual or aami-automat ic countinR

●yatama without diract ●ccass to ● computar. Thu
count~ra havo ●caiars and timoro for output and
control, ●nd portable princ?ra ● rt avalhbla for
●utomatic racycling of tha ●yatama. Ftagnet~c tap-
units ● ro connactmd to tho multictrannal ●nalyzars
thhc can ba uaad +ich tha variour mpactromatart.
Tho tsmple @hangar I)ao ● manual control unit, which
doom not hmvc ● stand-alorra prograrnabl?
capability.
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together ●nd to ● printer or teletype. Theet
busses ● re ratter slow ●nd have limited c.pabilit)
for computer cmtrol of the counting modulee.

Figure 10. Twenty-four position automatic eample
changer with a Ce(Ll) spectrometer.

PHILOSOPHY OF DESIGN

In 1973 when the design of this system wae begun,
it waa known t~hat types of counting equipment were
to be ●upported, since this counting ayatem la a
small voralori of one ●lready existing in our main
Radio:hemictry Uboratory. Many scelere ●nd timers
● .’e needed for the a- sand B- proportional counters,
the fl-y coincidence counter, and the positron
annihilation countors. Also, n number of MCAa are
needed for th~ var~oua arzectrometers.

One way to provide the functions served by theee
units 1? by direct conrmction of the cutputa of the
countern and apectrometera to Unibua interfaces.
The computer would then have to respond to each
dve!!t from efich counter and ADC aa well as to keep
all ●lapaed time clock for each input, Thin
obviously would easily overload t.hc computer and
therefor~ not be faaaible.

By providing scalers, timer=, and multichannel
analyzere AS uni:a separate from the computer, moot
of the direct data ●cquis ition load would be taken
off the main computer. The computer would only
need to @et the varlrms counteru to the .feeired
count langth ●nd then raed out the data wt,e(] the
counters ware done counting. The internal
bookkeeping would be greatly eimpllfied ●nd more

counterm could bc euppo~cud.

SCLKTION OF CANAC. . ———

With the decialon made to lntarface extornsl
collection units to the computer, the next -top wae
to find the beat way to do it. Several
❑anufacturare of nuclear counting ●quiprnent had
?roprietory buosea to connact the i r ❑odules

Connecting thaae modulee directly to the computer
bue itself is ~nother possibility. However, due to
the large number of raoduleo involved and the fact
that they ● re in four counting roome, ●everal

Unlbue repeatere would ire needed. Also, a larga
number of noncounting pcrlpharal$ are already
heavily loading the bus. Therefore, this option is
unueeable.

The only ●pparent remaining choice is the CAMAC
Branch Highway.2 The units uaad in a CAMACsystem
● re modular ●nd therafore very portable, similar to
●xietirrg NIM unite. Since there ● re many standard,
off-the-shelf units, they provide great flexibility
in configuring and reconfiguring a ●yetem. This
ayatem ie ●leo aasily expandable.

With these ●dvantage come several dieadvancagee.
Although many of the unite we needed were standard
NIM designs, no equivalent CAMACmodulee existed.
As a result, moat of our CANACmodules ware custom
designed.

Aaeociated with this ia the problem of having them
repaired since they were the only ones of their
kind. Repair& are performed by e laboratory in-
house electronics maintenance group with some
consultation with the manufacturer. Since other
people have similar neede for their counting
syetems, come of thaaa CAMAC modules are now
available commercially, and thus @ore oupport and
documentation are available when problems occur.

An obvious second problem la eoftware. Since the
CAMACmodules are custom designed, the software
must also be custom designed. A large amount of
effort by LAMPF prograremera has go e into the data
acqulaition package called “Q”. 3 This set of
programa provides the uner n very powerful tool
with which to control hie CArfAC ayarem. Its
primary disadvantage la that it la a single-user
ayatem. Since we have to provide counting
facllitiea for neveral u$era at a time, we must use
a sub!,et of “Q”. Th,is subeet is elow, one CAFAC
command at a time, and is lot interrupt driven. As
a reeult, reading out a ❑ultichannel ●nalyzer tukeo
a few minutee instead of ● few seconds,

RS-232° was available at the time the ayetem wns
designed. However, it waa specified for a maximum
cable length of 50 feet, and the MCAe were ue far
.4R 10(2 feer from the cpu. Alrno, ● l that time the
uee of RS-23’ (us primative: namely, a full dump of
an MCA memory in digits with no flow control and
only mimple control of the operation of the ttCAe.
Thi@ method iir currently ueed to !onuec! aom? of
the ttLAe to the CAMAChighway ●nd thereby to the
Cpu.

GPIn,’ alao kt)own ●a IEfl-488, wae not ●vailable
then. F,ven todny there ● ro no modulaa ●vaiiahle of
the type wa use, and this ●yetm is not oriented to
this type of ●pplication.

CAFfACSYSTIOt

Figure 11 is a ech,!matic of the MS tXMAC branch
highway. The CAt4AC crateo in ●ach of thm twu
countlnR roomn in which ncaler countinR in
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Figure 11. The CAMACbranch h~ghway portion of the DAS.

CJCRATE 4

EVENT TRIGGER MODI.ILE

OATAWAY 019 LAY

CAN@ ERh43iCW V+TERFACES

1/0 nEGISTf XS TO CHANGER
TTY ,NTc RFAcE. ..
OUAL PABAMETER CVSTEM INTERFACE

OIS?LAV UIGHWAV TERMI;IATOR

Figure 12. A CAMAC crate containing ecveral
ecaler-timers ●nd ● TTY-to-CAt4AC interface ●s well
aa standard modulee,

performed havn similar contentoo Ona of theou

crates is ehown in Figure 12. The crate co~taina
eeveral BiRa Model 2101 Duel Scaler-limers. Each
of theee I,nits has two independent ecalers and two
independent timerss. Tile output of each timer can
be used to cuntrol one or more scalers ao that ●ll
●cal*re connected to ● particular countar can b
started und etopped eimultanaoualy, Enck crate haa
?nough scalera to operete ●ll cc<inlerm in that room
at the same time.

in addition to the ●cclir-timero, aach of theee

cratae haa one or ilore Mt4AC-to-TIY interface.
The-o ● rt used for cont?ol of and fur transmitting
●pactral output from ●ull 2048-channel WAS used
for a-particle ap.ctlomatry ● nd Nal(Tl)-y-rny
spectromstry. These tlCAs ura ●leo urad to replay

data caeaattea producad when those liCAa ● rc uned in

tha .xperim@ntal ● reaa in multiacaler mode t- beam
intensity monitors.

In tks y-ray apectroecopy counting room, there are
a number of different CAMAC modules used. In
Figure 13, a typical configuration of this crate la
shown. AO in the other c atea, this crate ~ontaina
an Eve~t Trigger module 5

●nd a dataway display
module. Since this 10 normally the end of the

highway, a display highf-ay terminator IS inciuded,

This crate hf,a the interface to connect the
various types of MCAa used to the branch highway.
Some of the ncA# required the desip and

coretruction of cpecial units for connecting to the
brancli highway ●nd for performing the BCO-to-binary
conversion of the date. ● s it ie paeaed from the MCA
to the branch highway. Other MCAE are connected
through standard lTY-to-CAt4AC int rfacea.

$
The Dual

Parameter Data Acm lsition :yatem la connected to

Figure l]. Interfaroa to several different MCAa am
well ● o etandard moduleo in ● -C crate.



chia crate through both ● ‘lTY-to-CAKAC interftce
●nd ● ●pecial-design data tranefer module. The
sutomatic sample changer Ie connected through ●

dual 1/0 register.

The remaining crate is in the computer room. In
●ddition to the etandard modulee, it conteine two
special modulee. One ie a readout unit from the

Tirsa-of-Year (TOY) clock ●yetem used in ●ll the
counting roome ●nd chemistry laboratories. The
clock uses e WUVB receiver and provides time in
.Julian daj-of-the-year ●nd frcction (5 decimal
places) of s dey. It ie used to ● et the computer
clock ●t boct time. The second module is et
interface to IBM 026 ●nd 029 keypunches. Although
rarely uacd now, it hsa been used in the prat to
provide punched card output of spectra.

SARLY COKFUTERSYSTEFI

The original propooal for thie data ●cquisition
aymtem included a FijP-11/40 with 88k wordri of
memory, one LA30 Console, two Tektronix 4010
graphic terminals, one RK05 diek drive, two DECtape
drives, a paper tape reederlpunch ●nd two IBM 729
7-track magnetic tape drives. This configuration
wae based cm one proposed for 14fPF data
●cquisition systeme.9 Very rapidly the need for the

three CRT consolee ●nd two ●dditional Rx05 disk
drives appeared, and they were purchased. The
DECtapes ●nd psper tspe ayetem were purchased since
they wero the then- available eyi3tem eoftware
distribution media and also the only means for
intercomputer software distribution.

As use of the MS increas~d , the need for a
printer/plotter ●nd ● fuil 256k-byte memory
daveloped. With these items ●dded to the system,
the use and ueeability of the syttem further
incressed. This 18 shown in Figure 14.

Before long, two of the RK05.s were needed just for
:he operating system ●nd locally written data
●cquisition programs. This left only one diek
drive to be shared by all ucara for their progrsme
●nd ~ata. Also, much of the data came from off-
Ifne 14CAa via 7-track 556-bpi magnetic tape. With
the low data density on the tapas ●nd the
unreliability of the old tape drives, it wac
●pPar@nt that chansae had to be made. Aa ● result,
the magnetic tape drives on the MS ~nd the off-
line MCA tape drivoe ucrc converted to 9-track.

Also ● 40M-byte diok drive was purchased.

kring this pariod, we nlao had problems due tl~ the
inebillty to ●dd ● floatll,~ point procese?r to tile
PDP-11/f@. In particular, we coulrf not easily do
double precision (32-bit) Intesrr operations, ●nd
floating point operstionn wera done in software,
which 1s conaidersbly ●lrwer than hardware. Since
●notl,er group within the laboratory was interested
in truding PIJP-11/34s to get PDP-11/40s, we traded
and Imedistely ●dded a flostlns [oint procaoeor to
tho new central procaseor.

CURRENT COHPUTER SYSTEM—— .—

After ● feu amre yeirs, we ran into problcma with
not ●nough mamory. The full 25frk byc4e on the
PDP-11/34 waa not mougll to run morb than ● few

data acquisition nnd ●nalyaia progrtree SL the came
time. At that t~me, the PDP-11/64 wao ●nnounced,
●c we ordered one. I/a ●lso order~d ● ctcond

256k-byte memory board. Once ●gain, cpue vere
ewapped while keeping ●ll the peripharala. A
diagram of the current eyecem ie ●hewn in Figure 15
●nd a photo Of the system ie shown in Figure lC.

Difterent terminala are ueed for different
purpoees. The TEC terminale ● re distributed aa
seen in Figures 12 ●nd 13, one in ●ach counting
room with a CAtIIAC crate, for uce by experimenters
to control data acquisition. The two 4010s are in
the computer room for use in data ●nalyais ●nd
ooftware development. The VTIOO ie eleo used for
data analyeia ●nd ●oftware development. The IA38
is ● hard-copy ●yatem coneole.

Other peripherals include the MBDIO to connact the
Unibus to the (Xf4AC branch highway, ●nd a
printer/plotter. In ●ddition to being used for
varioua types of listinge, the printer/plotter can
be used to obtain hard-copy output frGm the 4010a
●nd to produce plote of y-ray spectra and of decay
curve resolution of counter data.

As a raault, this syetem hae a large varie?y of
peripherals, perhapa too many for good eystem
reliability. rle bECtapes currently ● re rarely
ueed. For sevaral yeare, th? paper tape hardware
was rarely used. However, because of the PDP-11/03
connection through CNJIACand becauee it had no msaa
etorage device, it wae being used for higt, ●peed
reading of diagnoatice for the PDP-11/03. Now, an
RK05 has been moved to the PDP-11/03, so the pa~er
tape system ie no longer needed. With the addition
of the large diek system to the DAS, the uee of the
RK05E , has greatly decreaaed, but they ● re still
used for data storage for individual experimenter,
for progtam ant datu tranefers between computere,
and for the operating systerii while ‘backing up the
big disk to ma8netic tape. So, althou8h uae of
❑any of the peripherals has decreaeed, some are
still occasionally naeded.

SYSTEM SOFTWARE

The software to operate the DAS comes from four
general sources. The first is DEC. We have
rer,ently up8raded to RSX-lIM ●nd FORTRAN-77. Th!e
up8rade wan delayed by the upgradin8 of “Q” and
then by the h~avy use of the DAS for cutrwnt
●xperimenter.

Another ●ource JK mrr software lrr Veraatec. Thie
ia to provide the plotting software for our
printer/plotter,

The remaining two oources ● re basically ir, the
lahoratlry. In addition to the “Q” data
acqiisiuion and artalysle eystem, the ●oftware group
● t tAMPF ●lso providee ● number of pro8rams euch ce
PMi’, SRD, ●nd othere from the RSX SIC tapea ●e well
●a come locally written software for copying
magnetic tapes and debugging th~ CAMAC system.
Another group in the laboratory providee the TEDI
editor/formatterll which we uoe for ●ditina ●nd
word procensin8.

The iact sourc~ is locally writtan software, With
%he number of different counting eyatems in use,
●evaral diffcr~nt programe have to be ueed
●tmultaneoualy in order to concrol the data
●cquisitio~. In addition, ●xperimenter would like
to proceee their data ●e it La taken, inetead of
doina it later either here or ● t their home
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Figure IL. The early Oeta Acquisition Computer System.

laboratories in the csse of vistoro. Another uoe
of this system is the development of software for
on-line ●xperiments usfng the “Q” oystem.

Data acquisition progra,ms can !e separated the same
way ● s counting systemg. one pro~ram controls 1111
the scaler-timer~ independently in the two count(ng
rooms. This ●nd *z’ ociated programu can be used to
set up ● ar?-tiule of different ;ount lengths to be

uoed :0 follow the decay of ● sample. This can be
done independently for each counter.

Sinca w~ have eevaral different typas of MUa, we
hava diffarent programs to harrdl~ mch type. Some
● re used just to traimfer dcta colloctd previously
●nd storgd on magnetic ttpe. Gthero ● rc unad to
control on-line acquiatlon by the MCAm.imilar to
the mathodc used fo: the scalar-t{~ro ●nd for
ccntrollins the ●utomatic ●ample changer S- well.

?rocaoslng tho various typoo of data requirec ●

numbet of difforon. programs. Operation@ may be

conoolirlaced into ●evural Iar&e, multifunction
progr~ms or into ●any ●.alIer programa depending on
psttiollal prefarance ●nd program ●i~o. Some
ft.nctiono which can be perform~d include li~ting
●nd plotting of d~ta, ●dicing the data files in

order to ●dd to or to correct the information in
them, and ●nalyzing the data to provide c he
●ctivity levels of the radioactive species at some
desired time. The editing program for .he
scaler-produced data can also be used to create
data fileo fur counting recorded by hand.
Automatic processing of the data ●n it it read out
from ● courting system ●nd ctored on disk .s alao
poasibie, ●lthough not currently implemented. All
of the data are ctored in one of two standard
format., one scaler data, the other for spectra
data.

TYPICAL OPERATIONS

The typical operation of the scaler-timers ●nd the
!iCAo ● re very similar. An ●xperimenter goes tc the
teminai in the counting, room ●nd rune the program

for the counting system of intereot, if it in not

●lready runnin~. Information ●bout the ●ample co

be counted, ir,cluding count lengthc and number of
countings 1S ●ntered into the file for the
pdrtieular counter. A roquemt to start the counter
10 initiated by use of ● front panel interrupt on
the Event Trigger uodule. If the counter ia
●lready ●ctive from the previouo sample counted on
it, the experimenter ia ●aked if the restart lB
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deoired to prevent accidental restarting of the
wron8 counter. Aftar ●tarcing the counting mymtem,

the program Eoea into ● vait state.

When tho count 1s finished, ● fAt4 is sot which in
turn oeta a channel in the Event Trigger module .’nd
ite IAN. The program dot~mlnoe which counter io
finished by which channel ia .@t. Tha dsts ● re

retd out, ●nd the counter io cleared. From the
countor information fila, tho prosram detcminoa if
■ ore countc ● ro to be taken. If so, the countar la
reotarted. If not, ● ●aosqe that tha councar 10
finioh?d in output to tho temtiml. In ●ither
caoe, the prosram then goes back into wait. The
●xperimenter can ●ither process this data now or
wait until latar.

current NCL Dcta Acquisition Computer System.

In addition to phnnin8 for Up8rad~n8 individual
counters, spe~trometers and their associated
●lectronics, the future also includes networking
the MS to the lA1’fPF Computing Facility VAXS ●nd
thereby to the Los Alamoa Central Computer Facility
(CCF). This will ●now ●rchival data storage in
the CCF mass storajje fscility ●nd also use of the
CCF VAXS, CRAY8, CDC 7600s ●nd other large
computeru. Hardware up8radel also include
replacement of the 40M-byte disk system with a
205M-byte RA60 system ●nd more 8raphics terminals
for data ●nalysis. The RA60 should be in uae by
the time thi~ is published, ●nd it 1s another
reascn we upgraded the operating system to RSX-l IM.

Future software development- include a continual
up8radin8 of che programs used in order to mak(.

them more ●fficient ●nd ●asier for the
●xperimenters to use. Since many of the uses of
the MS ● ra routine or repetitive in nature,
development of other typee of software is not a
❑ajor ●ffort.

Sl!tWARY.—

The LAMPF Nuclear Chemistry Data Acqulstion System

1s designed to provide both real-time control of
data ●cqulstion ●nd farllitiee for data processin8
for ● 1.sr8e variety of users. The large variety of
counting ●yatems have been deacrlbed ● s well ● s
their conn~ctlono through ● CAHAC parallel branch
highway to main computor. Ite hardware and
software in general have been described ● s well as
plans for the future.
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